ABSTRACT.
Several Fibronectin is a well-characterized, high molecular weight glycoprotein in blood plasma, in connective tissues, and on the cell surface of a large number of cell types. This protein has many biological and biochemical activities, including cell adhesion, spreading, growth, motility, and differentiation, as well as interaction with gelatin, heparin, and fibrin (12, 21, 33) . There are known to be at least two distinct types of fibronectin: plasma and cellular fibronectins. These fibronectins, even when derived from different species, are very similar in physical, biochemical, im- munological, and biological properties, though they are not identical (17, 32) . In sodium dodecyl sulfate polyacrylamide gels, the subunits of plasma fibronectin have smaller molecular weights than those of cellular fibronectin (32) .
Cell adhesion mediated by fibronectin can be attributed to the tripeptide (ArgGly-Asp), a sequence derived from cell attachment site of fibronectin (24, 25) . Synthetic peptides containing this sequence promote cell attachment when used to coat a substratum surface, but inhibit cell attachment to fibronectin-coated substrata when present in a soluble form (24) . This sequence has been shown to play an important role in the adhesion of cells to other adhesive proteins, such as vitronectin (11, 28) , collagen type I (4), and osteopontin (23) , and also in the binding of fibronectin, fibrinogen, and von Willebrand factor to platelets (6, 27) .
Katsuta et al. (14, 15, 16) have established a series of cell lines, designated P3, which can grow in protein-and lipid-free synthetic medium. Some of these cell lines have been reported to produce various growth factors; e.g., Tsuneoka and Shikita (30, 31) have described the secretion of colony-stimulating factor (CSF) by some of these cell lines, and Noda et al. (22) have shown that the conditioned media (CM) and cell extracts of these cell lines have DNA synthesis-stimulating activity and/or transforming growth factor (TGF)-like activity. During the course of our study on growth factors produced by P3 cell lines, we have noticed that some of the lines secrete considerable amounts of cell-adhesive proteins. One of them is fibronectin, and the other is distinct from it. The present paper describes the partial purification and the primary characterization of these cell-adhesive proteins produced by P3 cell lines. 
RESULTS
Secretion of cell-adhesive proteins by P3 cell lines.
In the course of our study of growth factors produced by P3 cell lines, we noticed that some of the cell lines could attach, spread, and grow on the surface of plastic dishes (not treated for tissue culture use). This fact suggested that some P3 cell lines produced cell-adhesive molecule(s). Fig. 1 shows HeLa S3 cells which were grown overnight on plastic dishes coated with L .P3-CM or non-coated. HeLa S3 cells attached and spread on the CM-coated dish, but not on the non-coated one. The CM was also effective in promoting the attachment and spreading of mouse BALB/3T3 A31-1-1 cells and NRK-49F cells. Examination of the physical and chemical nature of the CPA from CM showed that the activity was heat-sensitive, trypsin-sensitive, and stable under tide containing this sequence. However, cell attachment to a fibronectin-coated dish is inhibited when the synthetic peptide is added in large quantities to the medium. Also, a single amino acid residue substitution of glutamic acid for aspartic acid renders the sequence inactive (25) . In order to investigate whether or not the CPA of GCP and GNCP preparations could be attributed to the RGD sequence, the cellattachment competition assay was performed using synthetic peptides. As shown in Fig. 5 , the attachment of HeLa S3 cells on GCP-coated substrate was inhibited dose-dependently in the presence of the synthetic peptide Gly-Arg-Gly-Asp-Ser-Pro (0.01-1.0 mM). The attachment of the cells on the GNCP-coated substrate, however, was scarcely inhibited by the same peptide. In a similar experiment using Gly-Arg-Gly-Glu-Ser-Pro (0.01-1.0 mM), which is the cell-attachment inactive peptide, no inhibition of the cell-attachment on GCP-or GNCP-coated substrate was observed. When human plasma fibronectin was coated onto the assay plate and the same competition assay was performed, cell attachment was inhibited in the presence of Gly-Arg-Gly-Asp-Ser-Pro, but not in the presence of Gly-Arg-Gly-GluSer-Pro (data not shown), indicating that the synthetic peptide containing the RGD sequence indeed inhibited the cell binding to human plasma fibronectin. These results suggest that the CPA of GCP can be attributed to the RGD sequence, and that of GNCP can not.
Laminin is a cell-adhesive protein which has the ability of heparin-binding but not that of gelatin-binding.
In the case of laminin, another sequence different from RGD is reported to be responsible for cell-attachment (8) . To investigate the rela- Table 3 , laminin cross-reacted with the antiserum, but the GNCP preparation did not, indicating that laminin is not responsible for the CPA of the GNCP preparation. 
